Abstract: Children's exposures to chemical and non-chemical stressors from their everyday environment affects their overall health and well-being. American-Indian/AlaskaNative (AI/AN) children may have a disproportionate burden of stressors from their built and natural environments when compared to children from other races/ethnicities. Our objectives were to identify chemical and non-chemical stressors from AI/AN children's built and natural environments and evaluate their linkages with health and wellbeing outcomes from the peer reviewed literature. Library databases (e.g. PubMed) were searched to identify studies focused on these stressors. References were excluded if they: did not discuss AI/AN children or they were not the primary cohort; discussed tribes outside the United States (U.S.); were reviews or intervention studies; or did not discuss stressors from the built/natural environments. Out of 2539 references, 35 remained. Sample populations were predominantly (70%) in New York (NY) and Alaska (AK); 14 studies reported on the same cohort. Studies with matching stressors and outcomes were few, ruling out a quantitative review. Respiratory and developmental outcomes were the main outcomes evaluated. Primary nonchemical stressors were residential proximity to polluted landscapes, lack of indoor plumbing, and indoor use of wood for heating or cooking. The main chemical stressors were volatile organic compounds (VOCs), particulate matter (PM 2.5 ), polychlorinated biphenyls (PCBs), p,p′-DDE, hexachlorobenzene (HCB), lead, and mercury. Our qualitative review was suggestive of a potential increase in respiratory illness from indoor wood use or no plumbing, which can be used as a guide to promote healthy environments for AI/AN children. We identified limited studies (<40), demonstrating this population as understudied. Future studies need to consider: sample populations from other tribes in the U.S., stressors outside the household, other elements of the natural environment, and an evaluation of stressors from AI/AN children's total environment (built, natural, and social).
Introduction
When compared to adults, children are more vulnerable to exposures from environmental contaminants found in their everyday environments. This vulnerability can be due to age-specific factors such as differences in physiology, developmental stages, surface-to-volume ratio, lifestagespecific activities and behaviors (e.g. object/surface-tohand-to-mouth) (1) (2) (3) (4) . Because of the way children interact with their environment, they can be exposed to the same chemical through multiple exposure routes (2, 4) .
Exposure to stressors during critical stages of development may lead to growth abnormalities, structural impairments, functional deficits, and altered survival (2, 5) . Stressors are defined as any physical, chemical, social, or biological entity that can induce change in health and well-being (6, 7) . For assessing childhood exposures, early lifestage groupings are narrow when rapid development occurs (i.e. birth to <1 month, 1 to <3 months, 3 to <6 months, 6 to <12 months, 1 to <2 years, 2 to <3 years) and broader in later childhood when the rate of development slows (i.e. 3 to <6 years, 6 to <11 years, 11 to <16 years, 16 to <21 years) (8) .
Stressors between children's everyday environments (built, natural, and social) may contribute to differences in children's exposures, thereby impacting their health and well-being. The built environment represents man-made surroundings such as land use, transportation, buildings, and infrastructure. The natural environment represents naturally-occurring surroundings, living and non-living, such as the atmosphere, water bodies, forests, and mountains. The social environment may include factors related to social interactions, the economy, the community, school, safety, parental level of education, number of people in home, and access to resources (6) .
Children from some communities, such as those from American-Indian/Alaska-Native (AI/AN) tribes, are disproportionately burdened with adverse health and well-being outcomes compared to other populations in the U.S. (9) . According to the U.S. Department of Health and Human Services' Indian Health Service (IHS) (9) , the leading causes of post-neonatal mortality among AI/ANs (2007-2009) were sudden infant death syndrome (SIDS); congenital malformations, deformations, and chromosomal abnormalities; and unintentional injuries. The AI/AN mortality rate for SIDS, for example, was twice as high when compared to all races in the U.S. (9) . For AI/AN children aged between 1 and 4 years, the leading causes of mortality were unintentional injuries (rate was 4 times greater than the rate among all races in the U.S.), homicide, and congenital anomalies (9) . For children between 5 and 14 years, the leading causes of mortality were unintentional injuries, suicide, and malignant neoplasms (9) . And, for children between 1 and 14 years, the primary contributor to their hospitalizations was respiratory diseases (9) .
AI/ANs encounter a multitude of stressors from their built, natural, and social environments related to hazards around their communities (10) . Previous reviews of the peer reviewed literature have focused on stressors from AI/AN children's social environment. These studies identified societal, cultural, community, school, and family factors (11) ; cultural implications when AI children are placed away from their communities (12) ; adolescent socialization (13) ; and the benefits of breastfeeding (14) . We could not find a published review of chemical and non-chemical stressors from AI/AN children's built and natural environments.
To that end, we aimed to review the published literature to: identify and characterize chemical and non-chemical stressors from AI/AN children's built and natural environments and assess relationships between these stressors and any health and well-being outcomes. This review highlights how disparities in chemical and nonchemical stressors affecting AI/AN children need to be considered when examining their health and well-being.
Methods
This review was guided by PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (15) .
Eligibility criteria
Studies were eligible if the title or abstract included AI/AN children in the study sample, presented findings of stressors (chemical or non-chemical that could impact changes in health and well-being) from the built or natural environments, were published in English, and published by January 8, 2018 .
Information sources
Three library databases (ProQuest's Environmental Science Collection, PubMed, and Web of Science) were searched with key words and search strings focused on AI/AN children (e.g. Alaska Native AND child). Bibliographies of relevant studies were also reviewed to locate additional relevant articles.
Search
The key word/search string strategy was similar across the three databases (one database's key word/search string is listed in Figure 1 ). The first component of the search string targeted AI/AN background (i.e. "native american" OR "american indian" OR "alaska native" OR "alaskan native"). The second component targeted children (e.g. prenatal OR child* OR adolescent). The only difference across the databases for the key words was the term fetal. In PubMed, the term fetal was lengthened because it would have only used the first few hundred variations with a shortened term (i.e. fet*).
These key words/search strings were searched in the title and abstract fields (ProQuest and PubMed). In Web of Science, however, there was no available field to search only abstracts so the 'Topic' field was selected; the 'Abstract of Published Item' field was bibliographic-only data for a published paper. Results from these searches were limited to a specific end date of January 8, 2018, English language articles, and scholarly journals.
Study selection
Titles and abstracts were screened (n = 4021) and duplicate articles removed (n = 1482) ( Figure 1 ). References were then excluded (n = 2503) if they: (1) did not discuss AI/AN children or AI/AN children were not the primary cohort of interest (n = 431); (2) discussed tribes outside the U.S. (n = 134); (3) described reviews or interventions (n = 283); or (4) did not provide findings about chemical or non-chemical stressors from the built or natural environments (n = 1655). Full-text reviews were conducted for the remaining articles (n = 36).
Synthesis of results
Results were reported for the occurrence of chemical and non-chemical stressors in the study sample by built and/or natural environments, consideration of other factors in the analysis, and the impact of stressor(s) on the outcome(s) described. Results were synthesized to compare studies with matching methodology for similar stressors and outcomes.
Results

Study selection
From the three library databases, 2539 references were screened, resulting in the inclusion of 35 studies (Figure 1 ). These 35 studies were published between 1986 and 2016. By journal, the greatest number of studies for stressors identified from the built environment were published in Pediatric Infectious Disease (n = 3), while for the natural environment, it was Environmental Health Perspectives (n = 3). Studies were most frequently excluded for not reporting findings on stressors from the built or natural environments.
Study characteristics
From our 35 studies, sample populations were mainly from rural or isolated settings. Figure 2 illustrates the breadth of federally-and state-recognized tribal entities (reservations and off-reservation trust lands) (red shading) (16, 17) along with the number of studies that we identified by sample population location (U.S. state) (yellow shading). Seventy percent of the sample populations were in only two states: New York (NY) (n = 14) and Alaska (AK) (n = 11). The few remaining sample populations were from western U.S. states. Population sample sizes ranged from 22 (18) to 10,360 (19) (Tables 1 and 2) .
AI/ANs were the only sample population in all studies except four (32, 44, 49, 52) (Tables 1 and 2 ). Goldcamp et al. (32) targeted injuries among household youth on minority-operated farms, which were also comprised of Asian, Black, and 'Other' operators. Malcoe et al. (44) examined lead exposures around a former mining region among Caucasian children in Oklahoma. Orr et al.'s (49) study cohort included Black/African-American, Hispanic/Latino, and Asian/Pacific-Islander children of women living around hazardous waste sites in California. And, Xue et al.'s (52) cohort was composed of MexicanAmerican, Caucasian, Black, Other Hispanic, and "Asian, Pacific-Islander, Native-American or multiracial" participants from the U.S.'s National Health and Nutrition Examination Survey (NHANES) for an analysis of blood polychlorinated biphenyl (PCB) concentrations. Village/ community sample sizes ranged from 49 (20) to 197 (19) . Among studies with information about their design, seven were case-control, six were done at the village/ community-level, five were cross-sectional, and one was qualitative.
Overall, 16 studies reported stressors from the built environment, two studies reported stressors from the natural environment, and 22 studies reported stressors from both the built and natural environments ( Figure 3A ). Ten non-chemical stressors were identified from the built and natural environments ( Figure 3A) . We identified mold, a biological entity, as a non-chemical stressor in four studies; none of these identified any chemical stressors from mold. Several chemical stressors were identified, including volatile organic compounds (VOCs), particulate matter (PM 2.5 ), carbon dioxide (CO 2 ), PCBs, p,p-DDE, hexachlorobenzene (HCB), lead, mercury, radiation, fluoride, and fluridone.
Few studies with matching stressors and outcomes were identified (Tables 1 and 2) , ruling out a quantitative review. Instead, a qualitative review was performed for identified stressors and outcomes (Tables 3 and 4) . Respiratory illness (asthma, respiratory infections, respiratory viruses) and developmental outcomes (e.g. adverse birth outcomes, cognitive/thyroid function) were the main outcomes evaluated in these studies ( Figure 3B ).
Built environment
Sixteen studies described chemical and non-chemical stressors from the built environment during childhood ( Figure 1 , Table 1 ). In 12 studies, respiratory illness was the outcome of interest; medical records were the data source for eight studies (Table 1) . Stressors were derived around the household, affecting water quality (six studies), air quality (two studies), both (six studies) or due to farm operations (two studies). There were three studies that sampled inside households: Singleton et al. (30) 
Household lack of plumbing/running water
Nine studies identified the same non-chemical stressor in the home: lack of plumbing/running water. In seven of the nine studies, an increased risk of respiratory illness was associated with a lack of plumbing/running water ( (27) .
Household use of wood for heating or cooking
Six studies identified the use of wood for heating or cooking in the home as a non-chemical stressor. In five of these studies, an increased risk of respiratory illness was observed due to a woodstove or wood-burning stove [(30): greatest OR for cough between colds = 3.18, p = 0.027; (28): greatest OR for pneumonia among those aged less than 5 years = 2.1, 95% CI 0.6-7.2; 
Mold
The presence of mold was identified as a non-chemical stressor in four studies, one of which collected information . None of these associations were statistically significant.
Farm operations
Two studies targeted the occurrence of injuries among household youth on minority-operated farms (32) and then only among a sub-cohort of AI-operated farms (33) . In the Minority Farm Operator Childhood Agricultural Injury Survey, Goldcamp et al. (32) found that AI youth had almost double the rate of non-fatal injuries (24.0 injuries per 1000 youth, 95% CI ± 4.4) compared to injury rates 
Natural environment Residential proximity to polluted landscapes
Nineteen studies reported the same non-chemical stressor: residential proximity to polluted landscapes mainly contaminated by hazardous waste (Tables 2 and 4 (Table 4 ). For these sample populations, 14 of the 19 studies reported on the same cohort living in the same territory in NY; investigators targeted youth (11 studies) and mothers (eight studies).
AI youth
Among the 11 studies with AI youth cohorts, ten studies examined exposures of youth living in the same territory in NY adjacent to three hazardous waste sites (one National Priority Superfund site and two NY State Superfund sites) and an aluminum smelter (41) to PCBs, p,p′-DDE, HCB, mirex, fluoride, lead, and mercury. The remaining study examined childhood lead exposures from a former uranium mining region in Oklahoma (44) .
Toxicant levels
A study by Schell et al. (43) found youth (n = 271 in NY, between 10 and 17 years) who were breastfed to have on average 1.3 times the levels of total PCB blood concentrations, persistent PCBs, and other toxicants (p,p′-DDE and mirex) compared to youth who were not breastfed (Table 4) . Levels of HCB, lead, and mercury were similar across both breastfed and not-breastfed youth (43) . When a sub-sample of these youth were between 17 and 20 years old (n = 152), both groups (those who were breastfed and not-breastfed) had lower total PCB geometric mean concentrations than when they were sampled at a younger age (42) . Levels of p,p′-DDE and HCB were similar to levels when sampled at an earlier age. (36) found those with elevated anti-thyroid peroxidase levels (suggesting an elevated risk of autoimmune disease) among 47 adolescents who were breastfed had significantly greater levels of all PCB groupings (except non-persistent PCBs) and levels of p,p′-DDE.
Cognitive function
Other outcomes
In a study evaluating multi-chemical exposures among adolescent girls (40) , only higher lead levels 
PCBs ( 
Mothers
For the six studies including mothers, four studies examined maternal exposure to PCBs and DDT compounds. The two remaining studies investigated mother, father, and grandparent exposure to radiation from residence and/ or work locations in a former uranium mining region in New Mexico (50) and maternal exposures to contaminants around hazardous waste sites in California (49) .
Pregnant women
Among 111 pregnant AI women living in NY from 1992 to 1995, Fitzgerald et al. (46) observed the total PCB geometric mean blood concentrations to be 1.2 ppb (maximum 7.8). PCB congeners detected at the greatest concentrations were 153 (geometric mean 0.09 ppb), 138 (0.03 ppb), and 180 (0.01 ppb).
Mothers who breastfed their infants
For AI mothers who gave birth between 1986 and 1989, the total PCB geometric mean breast milk concentration was 0.6 ppm (fat basis) (45) . After 1989, their total PCB geometric mean breast milk concentration was lower (0.35 ppm in 1990 and 0.25 ppm for 1991-1992). Compared to Caucasian mothers (controls) who gave birth around the same time, their total PCB geometric mean breast milk concentration was lower than that of AI mothers only for the earliest period of study (1986) (1987) (1988) (1989) The PCB congeners detected at the greatest concentrations in breast milk were identical among AI and control mothers. According to Fitzgerald et al. (45) For other toxicants that were examined among mothers who breastfed, geometric mean breast milk concentrations among AI mothers were all greater than those for Caucasian mothers only for the earliest period of study (1986) (1987) (1988) (1989) 
Developmental outcomes
Among other cohorts, an increased risk of adverse birth outcomes was observed when mothers lived near uranium mine dumps (tailings) in New Mexico (50), near Superfund hazardous waste site(s) in California (49) , and near open dumpsites in AN villages (19, 27) . Shields et al. (50) found a significant increase for a group of birth outcomes (n = 113) (OR 2.71, 95% CI 1.09-7.64), including outcomes such as hip dysplasias/dislocations and mental retardation, when the mother lived near tailings/dumps. An increased significant association for all birth outcomes was also found when the mother (OR 2.05, 1.16-3.76) or father (OR 2.56, 1.14-6.28) worked at an electronics plant, confounding the previous association because these workers were also exposed to a variety of chemicals and solvents (50 
Dietary consumption
In two studies, we identified fluridone and PCBs as chemical stressors from aquatic vegetation (51) or dietary consumption (52), respectively ( Table 2) 
Discussion
To the best of our knowledge, this is the first review to focus on chemical and non-chemical stressors from AI/ AN children's built and natural environments and how these stressors may impact their health and well-being. The paucity of data on this research topic shows a significant information gap associated with understanding AI/ AN children's health and well-being. Additionally, 70% of the information we identified was collected from AI/AN populations in NY and Alaska.
Despite a paucity of information, this review suggests a potential increase in respiratory illness from the use of wood for heating or cooking or lack of running water. Among the 21 studies that identified stressors from the natural environment, 14 shared one cohort from the same territory in NY and the main chemical stressors identified were PCBs, p,p′-DDE, HCB, lead, and mercury.
When we compared stressors that we identified for AI/AN children to those for other non-urban children in the U.S., distinct chemical or non-chemical stressors were found from their built and natural environments (53) (54) (55) (56) (57) . For instance, Loewenherz et al. (53) found children living in households with pesticide applicators and near pesticide-treated orchards in Washington State, had greater organophosphorus pesticide exposures compared to children without a household pesticide applicator and a greater distance from agricultural pesticide spraying.
For non-chemical stressors, the use of farm equipment, primarily tractors (54) followed by wagons, combines, and forklifts, posed a risk for injuries among children living around farms (55) . Included in this review were two studies targeting minority youth living on farms (32, 33) ; a large proportion of these children's non-fatal injuries were attributed to livestock operations. In another study among children up to 9 years old with farm-related injury deaths (in Wisconsin and Illinois) between 1979 and 1985, 55% were due to tractors, wagons, and trucks and 15% from drownings (56) . Other chemical and nonchemical stressors included living on farms that raised swine (asthma prevalence of 44% among rural Iowa children, p = 0.01) and raising swine and adding antibiotics to feed (56%, p = 0.01) (57) .
For stressors from the built environment that we identified for AI/AN children, similar stressors were observed for other children living in non-urban settings. These included inadequate plumbing for running water and wastewater disposal services. Among 188 rural lowincome households with 320 children under 7 years that received water from a well in two western U.S. counties, 27% of households detected at least one contaminant, including total coliforms (18%), arsenic (6%), synthetic organic chemicals (6%), nitrates (2%), fluoride (2%), and Escherichia coli (<1%) (58) . Also, in a study by Borchardt et al. (2003) among children less than 19 years old in Wisconsin, diarrhea was associated with drinking from a household well contaminated with fecal enterococci (OR = 6.18, 95% CI: 1.22-31.46).
For other children living in rural settings, stressors were identified related to access to resources and impact of nature on life stress, which were not identified as part of our review. According to the 2001 National Household Travel Survey, rural households traveled farther than urban residents to access health care; rural residence was associated with a trip of 30 road miles or more (OR = 2.67, 95% CI: 1.39-5.15) (59). Another study found rural residence to lower levels of life stress among children in grades three to five who lived in higher levels of nearby nature (vegetation near residence) compared to children with little nearby nature (60) .
Limitations
The main limitation of this review was the few identified relevant studies (<40). This limitation ruled out a quantitative review (i.e. meta-analysis) due to the variety of study designs, stressors, and outcomes. Few studies had matching methodology for the same stressor and outcome, so we opted to qualitatively compare studies for similar stressors and outcomes. We also compared effect estimates from community/village-level analyses and effect estimates from individual-level analyses for similar stressors and outcomes.
Other limitations were due to sample diversity and publication bias. A lack of diversity was noted among our studies' sample cohorts; 14 studies reported on the same cohort living in the same territory in NY. These studies mainly identified the same stressor (living around hazardous waste/polluted sites and exposure to PCBs). Another limitation was that we relied on published literature, perhaps limiting us to studies that generated findings with distinctive or significant associations as non-significant associations are not as frequently published. We did not have access to unpublished literature investigating other possible stressors and outcomes.
Future research
This review identified an information gap concerning research outside of AI/AN children's social environment.
Almost all 35 studies from this review targeted stressors where AI/AN children lived, in mostly non-urban settings. According to Tulve et al.'s (6) conceptual framework, a child's total environment needs to be considered to examine the interrelationships between chemical and non-chemical stressors, inherent characteristics, and children's activities and behaviors in influencing their health and well-being. The total environment includes chemical and non-chemical stressors from environments where children live, learn, and play (6) . Future studies need to consider chemical and non-chemical stressors from the built environment outside the household (e.g. school, daycare) and in urban settings. Other elements of the natural environment (e.g. access to green space, parks) need to also be considered in influencing health and well-being; this population may be receiving one of the largest exposures to green space (e.g. forests)/bluespace (e.g. lakes). Linkages between chemical and non-chemical stressors from AI/AN children's built, natural, and social environments can then be performed in order to evaluate the total environment and their impacts on AI/AN children's health and well-being.
Conclusion
This review provides information about the nature of chemical and non-chemical stressors from the built and natural environments that may influence AI/AN children's health and well-being. The findings from this review can be used as a guide to promote healthy environments for AI/AN children in particular for household use of wood for heating or cooking and access to indoor running water. This work identified a major research gap, which may help direct future research initiatives to develop studies to consider stressors outside the household and other elements of the natural environment.
